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ABSTRACT
BACKGROUND: Many antagonists of histamine (H1) receptor, in addition to antihistamine action, suppress allergic 
inflammation by inhibiting the formation and secretion of proinflammatory cytokines. The new antiallergic drug benzhy-
drylpiperazinyl butylmethylxanthine succinate (theoritin), which has an antihistamine activity comparable to the known 
second generation H1-antihistamines, surpasses them in the ability to suppress the allergic inflammatory reaction, which 
allows this drug to have additional anti-inflammatory properties associated with the inhibition of the formation of proin-
flammatory cytokines.
AIM: This study aimed to determine the effect of theoritin on the induced release of proinflammatory cytokines interleu-
kin (IL)-6, IL-8, and tumor necrosis factor (TNF)-α in cell culture in comparison with the action of the inverse agonist 
of H1 receptor cetirizine and a known inflammation inhibitor glucocorticosteroid dexamethasone.
MATERIALS AND METHODS: U937 cells differentiated toward macrophage-like cells were used. Cytotoxicity of the 
substances used was assessed in the methyltetrazolium test at different incubation times (up to 24 h). Cells were stimulated 
with lipopolysaccharide (LPS). The tested compounds (theoritin and cetirizine) were evaluated at concentrations from 
0.001 to 100 μM and dexamethasone at 10 μM was tested when added to cells 1 h before (prophylactic effect) or 1 h after 
(therapeutic effect) the addition of LPS. The presence of IL-6, IL-8, and TNFα in the supernatants was determined by 
enzyme immunoassay.
RESULTS: For cetirizine and theoritin, no cytotoxic action was found in the tested concentrations and time points. 
Dexamethasone inhibited the formation of IL-6 and TNFα to the initial level and IL-8 to 50%–60%. Theoritin led to a 
significant concentration-dependent decrease in the LPS-induced production of IL-6, IL-8, and TNFα, and at a con-
centration of 100 μM, the effect of theoritin was comparable with that of dexamethasone at a concentration of 10 μM. The 
“prophylactic” test scheme for theoritin was more effective in suppressing LPS-induced production of proinflammatory 
cytokines than the “curative” one. The described effect of theoritin on LPS-induced production of proinflammatory 
cytokines exceeded that of the reference drug cetirizine.
CONCLUSION: In addition to its antihistaminic action, theoritin, a new antiallergic agent, inhibits LPS-induced pro-
duction of proinflammatory cytokines, which may be of clinical importance in suppressing allergic inflammation.
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АННОТАЦИЯ
ОБОСНОВАНИЕ. Многие антагонисты Н1-рецепторов помимо противогистаминного действия подавляют 
аллергическое воспаление за счёт угнетения образования и секреции провоспалительных цитокинов. Новый 
противоаллергический препарат бензгидрилпиперазинилбутилметилксантина сукцинат (теоритин), имеющий 
сопоставимую с известными Н1-антигистаминными препаратами 2-го поколения противогистаминную актив-
ность, превосходит их по способности подавлять аллергическую воспалительную реакцию, что позволяет до-
пустить наличие у этого препарата дополнительных противовоспалительных свойств, связанных с угнетением 
образования провоспалительных цитокинов.
ЦЕЛЬ ― определить в культуре клеток влияние теоритина на индуцированное высвобождение провоспали-
тельных цитокинов ― интерлейкинов (ИЛ) 6, 8 и фактора некроза опухоли альфа (ФНОα) ― в сравнении 
с действием обратного агониста Н1-рецепторов цетиризина и известного ингибитора воспаления глюкокорти-
коида дексаметазона.
МАТЕРИАЛ И МЕТОДЫ. Использовали клетки U937, подвергнутые дифференцировке в сторону макрофа-
гоподобных клеток. Цитотоксичность использованных субстанций оценивали в метилтетразолиевом тесте 
в разные сроки инкубации (до 24 ч). Стимуляцию клеток осуществляли липополисахаридом (ЛПС). Тести-
руемые соединения (теоритин и цетиризин) испытывали в концентрациях от 0,001 до 100 мкМ, дексаметазо-
на ― 10 мкМ при добавлении к клеткам за 1 ч до (профилактическое действие) или через 1 ч после (лечебное 
действие) внесения ЛПС. Определение ИЛ-6, ИЛ-8 и ФНОα в надосадочных жидкостях проводили иммуно-
ферментным методом.
РЕЗУЛЬТАТЫ. Для цетиризина и теоритина показано отсутствие цитотоксического действия в пределах ис-
пытанных концентраций и временных интервалов. Дексаметазон подавлял образование ИЛ-6 и ФНОα до ис-
ходного уровня, а ИЛ-8 ― на 50–60% в обоих режимах введения. Теоритин приводил к достоверному, зависи-
мому от концентрации снижению ЛПС-индуцированной продукции ИЛ-6, ИЛ-8 и ФНОα, а в концентрации 
100 мкМ действие теоритина было сравнимо с действием дексаметазона в концентрации 10 мкМ. Профилак-
тическая схема испытаний теоритина была более эффективной в подавлении ЛПС-индуцированной продук-
ции провоспалительных цитокинов, чем лечебная. Описанное действие теоритина на ЛПС-индуцированную 
продукцию провоспалительных цитокинов превышало таковое у препарата сравнения цетиризина.
ЗАКЛЮЧЕНИЕ. Новое противоаллергическое средство теоритин помимо противогистаминного действия 
тормозит ЛПС-индуцированное образование провоспалительных цитокинов, что может иметь клиническое 
значение в подавлении аллергического воспаления.
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Background

The development of polyfunctional antiallergic phar-
macological agents became reasonable since the allergen-
induced reaction of target cells (primarily mast cells and 
basophils) does not result from their damage. However, 
it is a process of cellular activation, which leads to the 
secretion of allergy mediators [1, 2]. Therefore, a prom-
ising method of pharmacological control of the allergic 
reaction is to combine an antagonistic effect on allergy 

mediators with inhibition of the target cell function to 
suppress the secretion of mediators. While implement-
ing this approach, compounds that are modifications of 
the xanthine core performed by pharmacophore groups 
of compounds with the properties of inverse agonists 
(antihistamine action) were obtained [3], using the 
original quinuclidine derivatives engineered by M.D. 
Mashkovsky’s group [4]. Such modified structures had 
a multifunctional antiallergic effect. Their antihistamine 
effect at the receptor level was combined with inhibition 
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of allergen-induced secretion of this mediator from rat 
mast cells and human basophils [3]. The pharmacologi-
cal study of H1-antihistamines showed that most of these 
compounds exhibit an additional anti-inflammatory 
effect by suppressing the formation and secretion of pro-
inflammatory cytokines. Thus, they have polyfunctional 
antiallergic activity, and the determination of such prop-
erties in new antihistamines has become a widely used 
approach [5, 6].

Subsequently, extended studies were conducted by 
R.G. Glushkov et al. [7, 8] to select optimal conditions 
for the synthesis of the xanthine core modifications by 
compounds with H1-antihistamine activity that meets the 
requirements of clinical medicine. Thus, the modification 
of the xanthine core by a benzhydrylpiperazinyl fragment, 
which is the central structural part of the structure of 
modern highly effective reverse agonists of H1 receptors 
(in particular, Cetirizine), a long-acting and low-toxic 
compound 7-[4-(4-benzhydryl-piperazine-1)butyl]-
3-methylxanthine succinate (theoritin) was obtained, 
which had an antihistamine effect comparable to that of 
the reference drug (Cetirizine). However, this compound 
exceeded Cetirizine’s ability to suppress the skin allergic 
reaction [7, 8]. The latter could indicate an increase in 
the antiallergic effect of theoritin due to the xanthine 
core with an additional anti-inflammatory effect, which 
justified the determination of the ability of theoritin to 
influence the formation and release of pro-inflammatory 
cytokines involved in the organization of the allergic 
inflammatory response.

AIM: The present study aims to determine the effect 
of theoritin on the induced release of the pro-inflamma-
tory cytokines, that is, interleukins (IL), in particular, 
IL-6 and IL-8, and tumor necrosis factor-alpha (TNF 
alpha) in cell culture in comparison with the inverse 
agonist effect of H1 receptors (Cetirizine) and a standard 
inflammation inhibitor (dexamethasone).

Materials and methods

The substances of the following drugs were used in the 
study: theoritin (Theoritin® MF, [benzhydrylpiperazinyl 
butylmethylxanthine succinate], Obninsk Chemical 
and Pharmaceutical Company, Russia) [7], cetirizine 
dihydrochloride (BLD Pharamatech Ltd., USA), and 
dexamethasone (elfa Laboratories, India).

Cells. The study used the suspension culture of hu-
man histiocytic lymphoma cells (U937 cells) [9]. The 
cells were obtained from the Russian Collection of Ver-
tebrate Cell Cultures of the Institute of Cytology of the 
Russian Academy of Sciences (St. Petersburg). The cells 
were cultured in RPMI-1640 nutrient medium (Biolot 
LLC, Russia), which contained 10% fetal bovine serum 
(HyClone, USA), 100 IU/ml penicillin, and 100 μg/ml 
streptomycin, at a temperature of 37°C in an atmosphere 
of 5% CO2. The cells were subcultured every 3–4 days with 
the density exceeding 2 million cells/ml by diluting the cell 
suspension with a fresh nutrient medium at a ratio of 1:10.

Cell differentiation. Differentiation of U937 cells 
into macrophages was performed in 75 cm2 adherent 
cell culture flasks (Nunc, USA) using phorbol-12-my-
ristate-13-acetate (PMA) (Sigma–Aldrich, USA) at a 
concentration of 35 ng/ml. Within the first 24 h, cells 
were incubated in a nutrient medium with the addition 
of PMA for the transition of cells from the suspension 
to the adhesive form. After that, the cells not adhered 
to the plastic were washed out and cultured in a nutri-
ent medium with the addition of PMA for another 24 h 
before placing the cells from the culture flasks into the 
plate wells for further experiments.

Study of the cytotoxic effect of theoritin and Cetirizine 
on U937 cells. The cytotoxicity of the substances was 
assessed using the methyl tetrazolium test (MTT test) 
3, 6, 12, and 24 h after adding the substances to differ-
entiated U937 cells. The MTT test allows to quantify the 
ability of mitochondrial oxidoreductases of living cells 
dependent on nicotinamide adenine dinucleotide phos-
phate (NADPH) to convert pale yellow 3-(4,5-dimethyl 
thiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT) 
(Sigma–Aldrich, USA) into purple formazan crystals 
[10]. Next, 10 fold dilutions of the substances (theoritin 
and Cetirizine) were added to 96-well plates (Nunc, 
USA) with 105 cells each to create final concentrations 
in the range from 100 to 0.00001 μM (each substance 
concentration was tested in 6 replicates). The plates were 
incubated for 1, 4, 10, and 22 h at a temperature of 37°C 
in an atmosphere of 5% CO2. Subsequently, 20 μl MTT 
solution (5 mg/ml in a nutrient medium) was added to 
the wells and incubated for an extra 2 h. After that, the 
supernatant was discarded from the wells, and the formed 
formazan crystals were dissolved in 100 μl dimethyl 
sulfoxide (Biolot LLC, Russia). The optical density of 
the obtained solution was measured at an absorption 
wavelength of 550 nm and normalized against the mea-
sured background absorption at 620 nm on an xMark 
tablet spectrophotometer (BioRad, USA). Cell viability 
in the presence of the test substances was expressed as a 
percentage using the following formula:

(OD of experimental wells − OD of medium) / 
/ (OD of control wells − OD of medium) × 100%,
where OD is the optical density.

Assessment of the effects of theoritin and Cetirizine 
on cytokine production induced by lipopolysaccharide 
(LPS) by differentiated U937 cells. The anti-inflam-
matory effect of the studied substances was assessed by 
changes in the number of pro-inflammatory cytokines 
produced using both prophylactic and therapeutic 
drug administration schemes. In the wells of 24-well 
plates which contained 106 differentiated U-937 cells 
in 800 μl of a nutrient medium, 100 μl of ten-fold 
dilutions of the test substances were added to create 
final concentrations in the range from 100 to 0.001 μM 
under two schemes: 1 hour before the addition of 
Escherichia coli O111:B4 LPS (Sigma–Aldrich, USA) 
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(“prophylactic effect”) and 1 h after the addition of 
LPS (“therapeutic effect”). LPS in a volume of 100 μl 
was added to the well to create a final concentration 
of 100 μg/ml. Differentiated cells to which no LPS or 
test substances were added served as a negative control. 
The control for the induction of pro-inflammatory 
cytokines was cells to which LPS was added, whereas 
dexamethasone (elfa Laboratories, India) at a final 
concentration of 10 μM was used as an anti-inflamma-
tory control. each drug substance scheme was repro-
duced in 4 replicates. After 6 h incubation of the cells 
and the addition of LPS, the culture fluid was taken 
and stored at −80°C for the subsequent quantitative 
determination of the production of pro-inflammatory 
cytokines IL-6, IL-8, and TNF alpha by the method 
of enzyme-linked immunosorbent assay using reagent 
kits (Vector-Best JSC, Novosibirsk).

Statistical analysis. Descriptive statistics were applied 
to all data; that is, the data were checked for compliance 
with the normal distribution law using the Shapiro–Wilk 
test. First, the mean and standard deviation were calcu-
lated. Student’s t-test and one-way analysis of variance 
(ANOVA) with Dunnett’s test (post hoc analysis) for 
intergroup comparison were used to assess the data with 
normal distribution. Kruskal–Wallis test followed by 
multiple comparisons of mean ranks (Dunn’s test) was 
applied for cytotoxicity data of tested objects expressed as 
percentages. The eC50 (biological efficiency at the 50% 
level) was calculated using a four-parametric approxima-
tion of the percentage graph depending on the concen-
tration of theoritin. Statistical analysis was performed 
using GraphPad Prism 8.0 software (GraphPad, USA). 
Differences were considered statistically significant at a 
level of p < 0.05.

Results

The cytotoxic effects of theoritin and Cetirizine at 
final concentrations from 100 to 0.00001 μM were studied 
on macrophage-differentiated U937 cells using the MTT 
test when incubated for 3, 6, 12, and 24 h. The results of 
assessing the cytotoxic effects of Cetirizine and theoritin 
on differentiated U937 cells are shown in Figures 1 and 2.

U937 cell viability assay regarding the activity of 
mitochondrial oxidoreductases showed the absence of 
cytotoxic effect of Cetirizine in the range of final con-
centrations from 100 μM to 0.01 nM when incubated 
with cells for 3, 6, 12, and 24 h. The ANOVA test showed 
statistical significance compared with the negative con-
trol (0 μM) for a concentration of 0.001 μM after 12 h 
incubation (see Fig. 1). However, due to the absence of 
concentration dependence, the recorded difference is not 
clinically significant.

In addition, the absence of cytotoxic effect in the 
range of final concentrations from 100 μM to 0.01 nM in 
the period from 3 to 24 h of incubation of theoritin with 
cells was shown. Moreover, theoritin increases mitochon-
drial NADPH-dependent oxidoreductases and cellular 
respiration activity (Fig. 2). Importantly, a statistically 
significant increase in cell viability was observed after 6 h 
for concentrations of 0.0001, 0.001, 0.01, 0.1, and 100 μM 
(see Fig. 2). In addition, an increase in cellular respira-
tion was observed after 3 h for a concentration of 10 μM 
and after 24 h for a concentration of 0.01 μM. Based on 
the data obtained, 6 concentrations (100, 10, 1, 0.1, 0.01, 
and 0.001 μM) for both theoritin and Cetirizine were 
selected to study further the anti-inflammatory effect of 
the dilutions studied substances.

The quantitative determination of changes in the 
levels of TNFα, IL-6, and IL-8 under the influence of 
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Fig. 1. Results of evaluating the cytotoxic effect of cetirizine on U937 cells differentiated into macrophages.
Y-axis: cell viability (optical density as a percentage of control). X-axis: cetirizine concentration in μM.
Hereinafter, the mean value (M) + standard deviation (SD) are given. 
# Differences are statistically significant in comparison with the control (0 μM), nonparametric Kruskall-Wallis test, multiple com-
parisons using Dunn’s test, p <0.05, n=6.
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Fig. 2. Results of evaluating the cytotoxic effect of theoritin on U937 cells differentiated into macrophages.
Y-axis: cell viability (optical density as a percentage of control). X-axis: theoritin concentration in μM.
# Differences are statistically significant in comparison with the control (0 μM), nonparametric Kruskall–Wallis test, multiple com-
parisons using Dunn’s test, p <0.05, n=6.

the studied substances was performed by enzyme im-
munoassay 6 h after adding LPS at a concentration of 10 
μg/ml to macrophage-differentiated U937 cells. In addi-
tion, Theoritin, Cetirizine, and dexamethasone at a final 
concentration of 10 μM as control of anti-inflammatory 
effect were added under prophylactic and therapeutic 
schemes: 1 h before and 1 h after the addition of LPS, 
respectively.

Administration of LPS at a final concentration of 
10 μg/ml resulted in the synthesis and secretion of all 
pro-inflammatory cytokines in two experiments: after 
6 h of incubation, IL-6 level was from 10 to 30 pg/ml 
(Fig. 3), IL-8 from 800 to 1000 pg/ml (Fig. 4), and TNF 
alpha from 200 to 300 pg/ml (Fig. 5).

Dexamethasone (anti-inflammatory control drug 
from the glucocorticoid group) decreased IL-6 and TNF 
alpha production almost to the background level and the 
level of IL-8 by 50%–60%.

The addition of Cetirizine in the concentration 
range from 0.001 to 100 μM for both prophylactic and 
therapeutic schemes (1 h before and 1 h after the ad-
dition of LPS) did not significantly decrease the level 
of pro-inflammatory cytokines that were secreted by 
differentiated U937 cells (see Fig. 3–5). Furthermore, 
the tendency for a decrease in cytokine formation when 
testing individual concentrations of Cetirizine did not 
reach statistical significance.

The addition of theoritin to the cell culture resulted in 
a significant decrease in LPS-induced production of pro-
inflammatory cytokines IL-6 (see Fig. 3), IL-8 (see Fig. 
4), and TNF alpha (see Fig. 5). In addition, the results 
indicate the effect of the studied substances on the level 
of LPS-induced TNF alpha production (Fig. 5). The 
impact of theoritin at a concentration of 100 μM was 
comparable to that of the glucocorticoid dexamethasone 
at a concentration of 10 μM.

The eC50 with a concentration at the level of 50% 
efficiency was calculated by a four-parametric approxi-
mation of the graph of the percentage dependence on 
the concentration of theoritin using GraphPad Prism 
8.0 licensed software (GraphPad, USA). The eC50 for 
the aggregate suppression by theoritin of producing the 
three analyzed cytokines ranged from 5.93 to 12.82 μM. 
For IL-6, IL-8, and TNF alpha, the eC50 was approxi-
mately 12.82, 9.91, and 5.93 for the prophylactic scheme, 
respectively, and 9.57, 7.04 9.42 the therapeutic scheme, 
respectively.

IL-6 decreased almost to the initial level when adding 
theoritin at a concentration of 100 μM in both admin-
istration schemes.

When using the prophylactic scheme of administer-
ing theoritin at a concentration of 100 μM (1 h before 
the induction of the IL-8 pro-inflammatory cytokine 
secretion), IL-8 decreased to approximately 25% of the 
initial level and about 50% of the level observed under 
the therapeutic scheme (1 h after the addition of LPS) 
(see Fig. 4).

Under the prophylactic scheme, significant inhibi-
tion of TNF alpha cytokine production was observed 
at all used concentrations of theoritin, starting with the 
lowest one (0.001 μM). At a concentration of 100 μM, 
the level of TNF alpha decreased approximately to zero 
(see Fig. 5, a). When using the administration scheme 
1 h after adding LPS to the cells, statistically significant 
differences were observed for the concentrations of 10 
and 100 μM (see Fig. 5, b).

Discussion

The choice of the U937 cell line to study the effect of 
the theoritin on pro-inflammatory cytokine formation 
and secretion depends on several circumstances.
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Fig. 3. Influence of the studied compounds on the level of LPS-induced production of IL-6: а ― test compounds were added 1 hour 
before treatment with LPS cells; b ― test compounds were added 1 hour after treatment with LPS cells (LPS 10 μg/ml; dexamethasone 
10 μM).
Y-axis: concentration of IL-6 (pg/ml) in the supernatant. X-axis: concentration of test compounds (theoritin and cetirizine) added to 
the cells in μM.
Here and in Fig. 4, 5: ЛПС ― lipopolysaccharide; ТРТ ― theoritin; ЦТР ― cetirizine; ДКМ ― dexamethasone. * Differences are 
statistically significant in comparison with the background level (negative control), Student’s t-test; ** differences are statistically sig-
nificant in comparison with LPS, Student’s t-test (for dexamethasone); # differences are statistically significant in comparison with 
LPS, ANOVA post-hoc Dunnett’s test, p <0.05, n=8.
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U937 is a human myeloid leukemia cell line isolated 
from the histiocytic lymphoma of a 37-year-old man 
[11]. U937 promonocytes differentiate into mature 
monocytes or macrophages under the influence of 
PMA. These differentiated macrophage cells can pro-
duce many pro-inflammatory cytokines, including TNF 
alpha, IL-6, and IL-8. They are essential for studying 
the function of human mononuclear cells in bronchial 
asthma [12].

Studies conducted on these cells are particularly 
promising since U937 cells express histamine receptors 
(H1 and H2 types), and this expression persists on differ-
entiated macrophage-like cells [9]. Therefore, this model 

may help elucidate the role of histamine (a key mediator 
of allergy) in stimulating and controlling the production 
of pro-inflammatory cytokines.

One of the most active inducers of formation and 
secretion of pro-inflammatory cytokines by these cells 
is LPS [13], which allows assessing under standard 
conditions the effect of various substances on the pro-
duction of pro-inflammatory cytokines, which mediate 
the development and maintenance of multiple forms of 
inflammation, including allergic genesis.

In the present study, theoritin and the reference drug 
cetirizine were tested in a wide concentration range 
with no cytotoxic effect on macrophage-differentiated 
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U937 cells. When using a prophylactic scheme (adding 
the drug 1 h before stimulation of LPS cells), theoritin 
induced a dose-dependent suppression of IL-6 secre-
tion in the concentration range from 1 to 100 μM. At a 
concentration of 100 μM, the effect was comparable to 
the suppressive effect of dexamethasone (10 μM). The 
same pattern was revealed when conducting tests under 
the therapeutic scheme (adding the drug 1 h after stimu-
lation of LPS cells).

Theoritin-induced suppression of IL-8 secretion 
under the prophylactic test scheme was dose-dependent 
and in the concentration range from 1 to 100 μM. The 
effect of the theoritin at the highest concentration was 
comparable to the inhibition of IL-8 release from cells 
induced by dexamethasone.

Using the therapeutic test scheme, theoritin at 
concentrations of 10 and 100 μM suppressed the LPS-

induced IL-8 production to approximately the same 
extent as dexamethasone (10 μM).

The most pronounced suppressive effect of theoritin 
was evident concerning LPS-induced TNF alpha pro-
duction and was dose-dependent. Significant TNF alpha 
inhibition was reproduced by all tested concentrations up 
to complete blockade of induced cytokine production 
under the prophylactic test scheme. The suppressive 
effect of theoritin on TNF alpha production was pro-
duced under the therapeutic test scheme as well, but to 
a somewhat lesser extent.

Thus, our results demonstrated a reliable and dose-
dependent ability of theoritin to inhibit the LPS-induced 
production and secretion of all pro-inflammatory cy-
tokines (IL-6, IL-8, and TNF alpha) in differentiated 
macrophage-like U937 cells, which may confirm and 
explain the anti-inflammatory effect of the drug.

Fig. 4. Influence of the studied compounds on the level of LPS-induced production of IL-8: а ― test compounds were added 1 hour 
before treatment with LPS cells; b ― test compounds were added 1 hour after treatment with LPS cells (LPS 10 μg/ml; dexamethasone 
10 μM).
Y-axis: concentration of IL-8 (pg/ml) in the supernatant. 
X-axis: concentration of test compounds (theoritin and cetirizine) added to the cells in μM.
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In contrast to theoritin, Cetirizine did not show a 
consistent suppressive effect on the formation and release 
of pro-inflammatory cytokines (IL-6, IL-8, and TNF 
alpha) by cells in the model used. According to the data 
above, only with individual concentrations of Cetirizine, 
a weakly pronounced tendency to some suppression of 
cytokine formation and secretion was noted. Thus, the 
available literature does not represent Cetirizine’s effect 
on pro-inflammatory cytokine production in U937 cells. 
However, studies conducted on other cell models (epithe-
lial cell culture [6, 14, 15], immature dendritic cells [16], 
nasal polyp cells [17], and mast cells [18]) have shown 
that the intensity of the Cetirizine-effect depends on both 
the cellular object used and the type of stimulation of the 
cytokine secretion (IL-1 beta, TNF alpha, and IL-6). In 
addition, it was not possible to show the compliance of 
this effect with the dose-response relationship [16, 18]. 

Therefore, the data of this study, which do not indicate 
a significant ability of Cetirizine to inhibit the secretion 
of cytokines, may be associated with the type of cells 
used and the nature of the stimulant. Notably, in the 
absence or decrease in the inhibitory signal of Cetirizine, 
theoritin shows an inhibitory effect on the secretion of 
pro-inflammatory cytokines.

The uncovered inhibitory effect of theoritin on 
the secretion of inflammatory mediators may be as-
sociated with the presence of theobromine (a xanthine 
derivative) in its structure. Theobromine, along with 
other methylxanthines, is a known phosphodiesterase 
inhibitor [19, 20], which increases the intracellular con-
tent of 3′,5′-cyclic adenosine monophosphate, which, as 
it was long-established, inhibits the secretion of allergic 
inflammatory mediators, particularly histamine, slow-
reacting substance of anaphylaxis, and eosinophilic 

Fig. 5. Influence of the studied compounds on the level of LPS-induced TNFα production: а ― test compounds were added 1 hour 
before treatment with LPS cells; b ― test compounds were added 1 hour after treatment with LPS cells (LPS 10 μg/ml; dexamethasone 
10 μM).
Y-axis: TNFα concentration (pg/ml) in the supernatant. X-axis: concentration of test compounds (theoritin and cetirizine) added to 
the cells in μM.
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chemotactic anaphylaxis factor [21]. Subsequently, new 
evidence was obtained for the anti-inflammatory effect 
of theobromine. Thus, theobromine inhibits the activity 
of the nuclear enzyme poly(ADP-ribose) polymerase-1, 
with its activation being involved in acute and chronic 
inflammatory processes [22]. Furthermore, in cultured 
human cells of the 3T3-L1 line, theobromine inhibits the 
production and secretion of TNF alpha and IL-6 as mea-
sured by mRNA and protein content [23]. Theobromine 
significantly decreased the levels of pro-inflammatory cy-
tokines (monocyte chemotactic factor-1 and IL-1 beta) 
in supernatants that were derived from interacting ma-
ture adipocytes (SGBS line) and macrophage-like cells 
(U937 line), which was used as an in vitro inflammatory 
model [24].

Thus, the data of the present study indicate that 
theoritin {7-[4-(4-benzhydryl piperazinyl-1)butyl]-
3-methylxanthine succinate}, which exhibits high 
H1-antihistamine activity [7], has anti-inflammatory 
property, which is probably associated with the inclusion 
of 3,7-dimethylxanthine (theobromine) in its structure. 
Hence, it confirms the earlier opinion [3, 7] on the pos-
sibility of obtaining a polyfunctional antiallergic phar-
macological agent by modifying the anti-inflammatory 
substance (xanthine derivatives) with a selective H1-re-
ceptor antagonist (in this case, a benzhydryl piperazinyl 
alkyl fragment).

Conclusion

Thus, the above study suggests that the antihistamine 
activity of theoritin is not inferior to the antihistamine 
effect of Cetirizine and other H1-antihistamines of 
the 2nd generation [7]. In addition, this new antial-
lergic drug theoritin has additional anti-inflammatory 
potential to suppress the production and secretion 
of inflammatory mediators (TNF alpha, IL-6, and 
IL-8 cytokines), which illustrates the broad antiallergic 
options of the drug.
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